Objectives: To investigate the value of plasma D-dimer as a prognostic marker in severe traumatic brain injury in children and to compare the results of plasma D-dimer level in plasma and the clinical condition of the case and the results of its routine laboratory investigations.
INTRODUCTION raumatic brain injury (TBI) is a leading cause of death and disability around the globe and presents a major worldwide social, economic, and health problem. It is the number one cause of coma. And is the leading cause of brain damage in children and young adults. About 2% of all emergency department visits are due to head injury. It is the leading cause of death among people less than 24 years of age. (1) Also traumatic brain injury (TBI) is the leading cause of death and disability in children. Statistical analyses shows that almost half of patients with a TBI each year in the United Kingdom are children under 16 years, and approximately one third of the patients with cranial trauma per year in the United States are children aged between 0 and 14 years old. (2) The most common causes of TBI in children: falls, child abuse, motor vehicle accidents sport accidents, assaults, and instrumental delivery. Regarding age distribution of TBI, there are two risk groups: the first group aged between 0 and 4 years old, and the second 15-19 years old. Boys seem to be affected twice the rate of girls. (3) Traumatic pathology during the first 3 years of life is completely different when compared with adults. Raimondi emphasized the differentials between children and adults' pathology: "children are not young adults". (2) In developed countries, pediatric trauma mortality still represents more than half of all childhood fatalities: 18 times more common than brain tumors.However, many aspects of pediatric neurotrauma still remain unclear as the literature focusing on the pediatric population is very limited. In fact, guidelines for management of pediatric TBI were mainly derived from adult guidelines. (4) Several prognostic factors, such as age group, gender, pupillary reactivity, Glasgow Coma Score (GCS) on admission, serum glucose level, total white blood cell (TWBC) counts, platelet counts, coagulation derangement, computerized tomography (CT) scan features and grading, have been validated in various studies to predict outcome in adult neurotrauma. However, the impacts of these factors are poorly understood in pediatric TBI. The predictive value of GCS was reported to be low in one local pediatric TBI study. Traumatic brain injury is conventionally graded on a severity continuum ranging from mild to severe. Injuries on the more severe end of this The Role Of Plasma D -Dimer As Prognostic Marker ……… continuum are associated with significant morbidity and mortality. (5) As such, considerable attention has been devoted to their understanding and management. Both clinical and surveillance definitions indicate, however, that mild TBI accounts for 80-90% of all treated cases. (6) The property of the circulation whereby blood retains its fluidity within the vasculature while the system simultaneously prevents excessive blood loss upon injury is known as hemostasis. In response to vascular injury, clotting reactions are initiated to create an insoluble fibrin-platelet plug at the site of the vessel wall defect, arrest blood loss, and eventually restore vascular integrity. This activation leads to the release of the various substances needed in platelet aggregation and initiation of the coagulation cascade, resulting in the formation of cross-linked fibrin assuring a firm clot at the injury site. (7) During fibrinolysis, plasmin starts cleaving fibrinogen and soluble fibrin. Degradation of cross-linked fibrin results in formation of various fibrin fragments. The smallest oligomer is fragment D-Dimer. The measurement of D-Dimer reflects intravascular levels of fibrin turnover, without significant interference from fibrinogen or soluble fibrin degradation products, and confirms that both thrombin generation and plasmin generation have occurred. D-Dimer levels have certain advantages over other measures of thrombin generation, because it is resistant to ex vivo activation, relatively stable, and has a long half-life. In addition, D-Dimer assays can be performed easily with standard laboratory equipments. (8) D-Dimer level is very rarely elevated in healthy individuals and valuable as a negative predictor to rule out >97% of the cases. In clinically suspected TBI, D-Dimer has gained widespread clinical use as a parameter for detection of in vivo fibrin formation in the presence of a thrombotic condition. Plasma DDimer levels, however, may increase in many illnesses and physiological conditions associated with many conditions like clots, DIC, post operative, trauma, sepsis, venous thromboembolism, major hemorrhage, increasing age, pregnancy, racial variation. It has also some false negative results in case of anti-coagulant treatment. However there has been a clear relationship found between high levels of plasma D-dimer and poor patient prognosis and poor outcome, and mortality, so several studies tried to make D-dimer an early prognostic marker for TBI severity and poor patient prognosis and mortality. All the brain injured children patients who were admitted to pediatric intensive care unit in Alharam hospital in Giza were fully examined and investigated to fulfill the criteria of inclusion and exclusion in the study. Informed consent was taken from their legal guardians, and approval of the local ethical committee was obtained.
A-Examination and investigation
All children patients were examined and investigated as follow: 1-Full history including age, sex and weight were taken with special emphasis on the onset of head trauma and the mechanism of injury and the time lapse since head injury till hospital admission. 2-Vital signs: Blood pressure, pulse, respiratory rate and temperature. 3-General examination: Head, neck, chest, abdomen and extremities. . 4-Complete neurological examination: was done on admission and daily, GCS or PGCS, sensory and motor examination and pupillary reflexes and cranial nerves examination were done. 5-Cranial CT scanning was done to all patients on admission and was done for regular follow up and in special circumstances when the patient's condition had sudden unpredictable changes in his
The Role Of Plasma D -Dimer As Prognostic Marker ……… GCS or PGCS in consistence with his treating plan. 6-Abdominal ultrasonography was done to all patients. 7-Full radiological studies to detect possible extra-cranial injuries that may compromise our study. 8-Plasma D-Dimer on admission, the 3rd day and at 14th day. 9-INR, PT, APTT. on admission, the 3rd day and at 14th day 10-Routine laboratory investigations on admission as CBC, CRP, Liver function test, Urea, Creatinine, Blood glucose, Na and K. 11-Arterial blood gas analysis was done when needed.
B-Measurements and Timing
Venous sampling: Venous blood sample 2 ml blood was taken for estimation of D-dimer and PT, aPTT and INR, the sample volume was put in citrated tubes and was also sent directly to the laboratory.
C-Method of processing:
-D-dimer was processed using Pathfast D-dimer test kits manufactured by IVD for in vitro diagnostics company and the device used is chemiluminescent enzyme immunoassay (CLEIA). (9) -PT was processed using Paistinex thromboplastin for use of prothrombin time test manifectured by Biodata Corporation, and INR was calculated using the formula. (10) -INR = Patient prothrombin time (PT) ÷Mean normal prothrombin time (PT n). -aPTT was processed using liquicellin-E for aPTT determination test manifectured by BIOSTC high performance diagnostic reagents company, device used is turbodensitometeric instrument. -D-dimer, PT, aPTT, INR was all tested on admission, on day 3 and on day 14 of the study. RESULTS The statistical analysis of the data was obtained in the present study was carried out using SPSS version 15 comparison between the groups of normally distributed quantitative data was analyzed using paired t-test, student t-test and F test (ANOVA) while not normally distributed quantitative data was analyzed using non parametric test such as Wilcoxon signed ranks test, Mann Whitney test and Kruskal wallis test. All the The study was carried out on 64 patients 46 cases and 20 control cases fulfilled the inclusion and exclusion criteria previously mentioned and the age of the whole study patients ranged between 1-16 years of age. One Way Anova "F" = 9.1 P <0.001 DISCUSSION As regards sex, The males were (16 males, 69.6% in the favorable group , 10 males, 43.5% in the unfavorable group respectively and 8 males, 40% in the control group) while female gender represented 7 females 30.4%in the favorable group , 13 females 56.5% in the unfavorable group and 12 females 60% in the control group. So totally the males were 51.5% of the total cases .We found no significance statistically. Similarly in the study done by Allard, et al., (2009) (11) who had 55 patients (76%) of them were males, and (24%) were females, he found no significant difference as regards sex. Also the study made by Becker, et al., (1999) (12) on 62 patients (41% female and 59% males reached the same result and found no significant difference as regards sex. Study made by Bredbacka et al., (2004) (13) agreed with this study and confirmed that no significant difference as regards sex. Also the study made by Kue, et al., (2004) (14) was made on 98 patients with traumatic ICH (61 males and 37 females) and 59 with non-traumatic ICH (41 males and 18 females) and also found no significant difference as regards sex.
As regards weight of the patients, it ranged between 10 and 59 kg with a mean of 26.2174±13.11126 kg in the favorable group, while it ranged between 14 and 46 kg with a mean of 26.0870±8.63878 kg in the unfavorable group. While it ranged between 14 and 48 kg with a mean of 29.4000±11.08057 kg in the control group the weight while in the study made by Vavilala et al., (2001) (15) (11) and by Becker, et al., (1999). (12) As regard The diagnoses of the cases it was in the favorable group was 4 cases subdural hemorrhage (17.4%), 6 cases subarachnoid hemorrhage (26.1%) and 13 cases intracranial hemorrhage (56.5%) while in the un favorable group was 2 cases subdural hemorrhage (8.7%), 2 cases subarachnoid hemorrhage (8.7%), 14 cases intracranial hemorrhage (60.9%) and 5 cases interventricular hemorrhage (21.7%). In the study made by Kue, et al., (2004) (14) the diagnoses was as follow (subdural hemorrhage 35.0%, epidural hemorrhage 13.3%, subarachnoid hemorrhage 30.6%, intracranial hematoma 18.4%, and mixed hemorrhage 2.7%), and acute non-traumatic ICH (putamen 33.9%, thalamus 37.3%, putaminothalamus 8.4%, cerebellum 10.2%, brain stem 6.8%, and subcortical areas 3.4%).
As regards Hg mean values showed significant changes more in the unfavorable group than the favorable group as HG showed low mean values due to loose of blood the same result was found by Becker, et al., (1999) (12) and Murshid & Gader (2002) (16) while HG value had no significance in the study made by Olson et al., (1999). (17) GCS showed a significant successive increase in the favorable group throughout the period of the study. While in the unfavorable group GCS increased significantly gradually but yet did not affect the patient's outcome and less the favorable group. Again GCS as higher in the favorable group compared to the unfavorable group at any point of time.
The data found in this study regarding the GCS value as a prognostic indicator matches the findings in the study done by Kue, et al., (2004) (14) who found that patients in their study with GCS from 3 to 8 had poor outcome compared to those with GCS 9-12 and even better outcomes when GCS ranged between 12-15. Also, Becker, et al., (1999) (12) found a significant association between GCS and clinical outcome in head trauma patients who developed disseminated intravascular coagulopathy (DIC). Also the study made by Vavilala et al., (2001) (15) agreed on the data found in this study regarding the GCS value.
In the current study the mean level of D-dimer was significantly higher in the unfavorable group with mean of (13884.67810±2.7208E4 µ/L, day respectively), may be this was because patients in the unfavorable group were more severely injured and had a significantly lower GCS on admission (4.0435 in the unfavorable group on admission versus 9.6522 in the favorable group),and from the analysis done we can find that D-dimer difference between the unfavorable group and the favorable group gained statistical significance at 1 st day,3 rd day and 14 th day. While the mean values of D-dimer in the favorable group decreased from 1st day to 3rd day to 14th day and this decrease was significant which means that the more D-dimer decreases in TBI patients the better they become clinically and vice versa.
These results found in the current study are in line with the study of Kue, et al., (2004) (14) who studied 98 TBI patients and 59 non TBI patients with ICH and made a correlation between Ddimer and GCS, pupillary light reflex, distance of midline shift on brain CT and the GOS. He excluded patients with pre existing venous thrombosis, recent surgery, drug use (asprin or Coumadin), or malignancy. They estimated the Ddimer levels within hours after acute insult and made the comparisons, they found a proportional inverse relation between initial GCS and D-dimer level in group of TBI patients, and they also found that D-dimer is correlated with poor patient outcome if D-dimer value is >1496 µ/L with sensitivity and specificity of 100% and 83% respectively. Also same finding was confirmed in studies made by Murshid & Gader (2002) (16) as D-dimer levels on admission were found to be slightly higher in both peripheral venous (1115 µg/ml) and arterial blood (1288 µg/ml) than in jugular venous (888 µg/ml) blood, but these differences were not statistically significant. Thereafter, D-dimer concentrations in the three locations dropped markedly in the three sites. All the levels recorded were very markedly higher (p < 0.0001) than the maximum level in healthy controls (mean: 15.9 µg/ml; range: 1.56-60). Finding was on the same line in the study made by
Bredbacka et al., (2004).
(13) D-dimer decreased significantly in the favorable group through all stages (at 1 st day, 3 rd day and 14 th day), this is concordant with the improvement in their GCS, but the decrease in the unfavorable group was noticed at day 3 and was statistically significant which is also concordant with their GCS and it also goes with the results found on correlating D-dimer with GCS and GOS as one group in which there was inverse correlation between GCS,GOS and D-dimer in day 3 and day 14 which mean that the decrease in D-dimer values thought the study was accompanied by improvement of the patients GCS and GOS. The same findings were recorded in previous studies done by Kue, et al., (2004) (14) and Bayir et a1., (2006). (18) Regarding the other coagulopathy parameters, we tested for PT, aPTT and INR. We found that these parameters were significantly higher in the unfavorable group than in the favorable group especially around admission and 3 rd day , and there was a correlation between mortality and increased mean values of PT, aPTT and INR.
This difference between the two groups gained statistical significance on the 1 st day in the intergroup comparison which supports other studies done for aPTT role on admission day as most of these previous studies the laboratory testing was done in the first three to four hours or merely in the first 24 hours. So these results also confirm the role of aPTT as a good predictor of poor patients' prognosis in TBI.
These results can be interpreted in several different ways, one possibility is that the coagulopathy preceded and contributed to ICH progression, this progression which normally occurs in the first 12 hours is the cause for GCS deterioration and increased odds for mortality in TBI patients and this interpretation may form a basis for further studying exploring whether correcting these parameters early would prevent further brain damage. But what would be the cut off value for correction at which the patients may gain the most benefit is still debated by many centers, and many other authors argue that correction of these parameters even early is fruitless and wasteful.
The second interpretation is that even though this ICH progression was most often diagnosed in the first 24 hours using serial CT scanning, but may be this progression occurred earlier preceding and perhaps contributing to the abnormal laboratory tests. So from this perspective it would be reasonable to assume that these parameters are merely a reflection for the changes that already occurred in the brain and correcting them would be useless (Oertel et al., 2004) . (19) A third assumption may be that coagulopathy and ICH progression may be a complex process in which more coagulopathy leads to ICH progression and vice versa in a vicious circle leading to death (Stein et al., 2004 . (20) The studies done supporting the coagulopathy parameters PT, aPTT and INR are multiple for example, Allard, et al., (2009) (11) investigated the role of coagulopathy in TBI and its association with mortality where he used a post-hoc analysis method in randomized controlled trial including TBI 72 patients with a GCS less than 8 with serial CT scans done for them in the first 48 hours, and blood samples where all taken in the first 24 hours for analysis. They included isolated head trauma patients, in coma, GCS less than 8, within 4 hours on injury. They excluded patients less than 16 years old, pregnant females, absent pulse victims, penetrating head injury patients, or those with minor trauma, and they found the following: all patients with prolonged aPTT, PT, INR got ICH progression with increased risk of death, while Stein et al., (2004) (20) also made a retrospective chart review whereby he studied 253 patients with TBI and he concluded that abnormal values of INR, aPTT and platelets each independently correlated with ICH progression and mortality. Also study made by Murshid & Gader (2002) (16) found admission PT was notably prolonged in the three locations to almost the same extent and showed a tendency for further prolongation in the second day after injury. Thereafter, PT dropped towards normal (100%). It was noted with interest that the APTT showed a very slight insignificant prolongation than the PT and almost normalized in the fourth day.
The study made by Oertel et al., (2004) (19) on 142 patients found that only prolonged aPTT correlated with ICH progression.
Recently (21) retrospectively studied 27 patients with severe TBI and found that among these three laboratory tests on low platelets correlated with ICH progression and mortality.
Engstrom et al., (2005)
Another study done by Bayir et a1., (2006) (18) who were trying to determine the usefulness of fibrinolytic markers as early prognostic indicators in patients with isolated head trauma on 62 patients with GCS and PT, aPTT, platelet count, fibrinogen, fibrin degradation products (FDP) and D-dimer were all measured in the first three hours, where a positive relationship (rs=0.688) was found between GCS and fibrinogen levels (P<0. (15) also agreed on the same findings. The difference between the previously mentioned studies are multiple and controversial regarding PT, aPTT, INR but most of them agreed on that the role of D-dimer is not reliable yet as prognostic factor in TBI patients and need more research. CONCLUSION -GCS or PGCS has evident role in evaluation and assessment of TBI especially in acute stage and gives excellent idea about the prognoses of TBI. -D-dimer is a good marker to predict outcome in TBI & it has an inverse correlation with GCS or PGCS. It is widely available, cheap& reliable marker that can be easily done in most ICUs. It has definite role in prediction of poor patient outcome in TBI together with ability to mark the primary brain insult and its severity, the progression to secondary brain insult and ICH progression. It also can give us clues about which patient may die from his brain injury by reading its follow up results. RECOMMENDATIONS -D-dimer should be further studied to find the best time order to measure it whereby its results would much affect physician's orders and pateints management in TBI.
The Role Of Plasma D -Dimer As Prognostic Marker ……… -PT, aPTT, INR and Concentration need more study with trying to find which correction for their values early in the course of TBI, would give the best results in patient management. -Routine investigations as Hg, TLC, platelets, RBS, NA, K, SGOT, SGPT, Urea, Creatinine and Arterial blood gases need more study to use their values in the course of TBI and detect evidence role in the evaluation, diagnoses, assessment and prognoses of TBI.
-We should also try to make new researches to figure out any causal relationship between Coagulopathy, TBI and ICH progression. -D-dimer could be used in diagnosis, follow up and prediction of poor patient outcome and mortality in TBI patients.
